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Abstract 
 
This dissertation was written as a part of the MSc in Energy Building Design at the 
International Hellenic University. With the implementation of Energy Performance of 
Buildings Directive (EPBD) and Nearly Zero Energy Buildings (NZEB), international 
as well national legislations are tending to have a tougher stance regarding the energy 
performance of the buildings. By implementing high envelope performance and well 
insulated buildings, heat flows through linear thermal bridges is of high importance in 
the calculation of total envelope heat flow. Despite their significance (in the accuracy 
of the calculation, the potential problems that can arise concerning health, maintenance 
costs and false selection of HVAC systems), thermal bridge effect in all calculation 
methodologies follows a simplified approach even neglected in some national 
regulations and building codes, in proportion to the literature it might be inaccurate. 
This study aims to calculate the actual heat flow through thermal bridges by using a 
dynamic simulation approach by implementing a transient finite element method 
software tool in order to investigate the accurate impact as well as to compare it with 
the steady state methods that are dominant and to evaluate the necessity of this change. 
I want to thank deeply my supervisor Prof. T.G. Theodosiou for his help through 
thought the dissertation thesis and because he gave me a scientific approach of the 
problem that my thesis deals with.  
 
Tourpeslis Iordanis 
03/12/18 
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1.1 Introduction 
 
The oil crisis of the 1970s made the European Union to concern about the energy 
consumption and independence from crude oil, after that many scientist and 
organizations expressed their concerns regarding the change of the climate and the 
increase of the greenhouse gas emissions asking for immediately action. EU found that 
buildings are responsible for approximately 40% of energy consumption and 36% of 
CO2 emissions within the EU territory making the building sector to have high potential 
for energy saving reducing the energy consumption [1]. In this context many 
legislations and standards have been published in national and international level 
concerning the minimalization of the energy consumption, with the passage of time 
economic crisis has gradual appearance making them stricter in order to fight fuel 
poverty. The main EU policies introduced in 2010 - 2012 are the Energy Performance 
of Building Directive and Energy Efficiency Directive leading to a new era of Nearly 
Zero Energy Buildings (NZEB). All new buildings and major renovated building as the 
Directive 2010/31/EU [2] states are obliged to fulfil the minimum requirements of the 
energy performance, also energy certifications must be granted during the sale, 
purchase and tenancy of the buildings. The implementation of insulation layers to 
achieve high envelope performance have maximize the impact of thermal bridges, were 
some countries uses simplified steady state approaches to tackle this phenomenon or 
even don’t take them into consideration. As we are in a transitional stage where 
dynamic simulation tools are used, the need for dynamic estimation of building 
elements properties is of high importance. Many studies have been published to 
evaluate the repercussion of thermal bridges into energy performance calculations. 
Theodosiou and Papadopoulos [3] said that in heating load by not concerning thermal 
bridges may lead to an reduction of the actual thermal losses of 35%, Pelss, Kamenders 
and Blumberga [4] found that the 7,7% of the total transmission heat loss are due to 
thermal bridges in Low Energy House. Evola, Margini and Marletta [5] evaluate the 
correction of thermal bridges in Mediterranean climate of two building types and 
conclude in a 25% to 17% reduction of the primary energy needs for heating. A quick 
look on the aforementioned values quickly someone can understand that the 
dimensioning of HVAC systems can be easily estimated wrong leading to increased 
fixed expenses for maintenance and to false operation of those systems. Also, thermal 
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bridges are a serious problem of building energy performance not only in heating and 
cooling load but also in the envelopes. Damages can be created into the structure of the 
building envelope making the indoor conditions unsustainable. Condescension is the 
most popular problem of thermal bridges due to the surface temperature difference that 
the inside wall has. Care must be taken in these cases because condescension can lead 
to further problems like: 
• Dampness and 
• Mold growth which are responsible for respiratory disease 
 
Picture 1: Mold growth due to thermal bridge [6] 
• Sick building syndrome 
 
Picture 2: Main symptoms of sick building syndrome [7] 
• Illness 
• Allergies 
• Reduced productivity 
• Poor mental health 
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This study evaluates thermal bridges in a typical construction that dominate from 1980 
and after, via the international standard EN ISO 10211 both in steady and dynamic state 
with the help of the COMSOL Multiphysics software. After the estimation of thermal 
bridges and the total envelope heat flow, it will be estimated the portion that the thermal 
bridges have in transmission losses under the steady conditions. In dynamic conditions 
a comparison will be made between the envelope heat flow considering thermal bridges 
and the envelope heat flow without considering thermal bridges. Also, it will be written 
all the academic and international standards knowledge that exist upon the thermal 
bridges accompanied with pictures to demonstrate them. 
 
1.1 Definitions 
 
1.1.1 Programs used 
COMSOL Multiphysics is a simulation platform that encompasses all of the steps in the 
modeling workflow from defining geometries, material properties, and the physics that 
describe specific phenomena to solving and postprocessing models for producing 
accurate and trustworthy results.[8] 
 
1.1.2 Thermal Bridges 
Thermal bridge is part of the building envelope where the otherwise uniform thermal 
resistance is significantly changed by full or partial penetration of the building 
envelope by materials with a different thermal conductivity, or a change in thickness of 
the fabric, or a difference between internal and external areas, this phenomenon occurs 
at the junctions of the wall, floor and ceiling as well as at the extensions of the concrete 
slabs known as balconies. [9] 
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Picture 3: Thermal bridge [6] 
 
There are two types of thermal bridges: 
1. Linear thermal bridge - transmittance (ψ value) 
The Ψ - value or linear thermal transmittance [6] represents the extra heat flow through 
the linear thermal bridge over and above that through the adjoining plane elements. 
 
Picture 4: Linear thermal bridge [10] 
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From numerical modelling of a 2D junction the thermal coupling coefficient between 
the internal and external environments is:  
L2D
 =
Q
Ti−Te
 (W/mL) 
where: 
Q = is the total heat flow from internal to external environment 
Ti and Te = are the temperatures of the internal and external environment 
Hence, the linear thermal transmittance of the 2D junction is the residual heat flow from 
the internal to external environment after subtracting the 1D heat flow through the 
flanking elements: 
𝜓 = L2D − ∑ Uj ∗ Ij
𝑁𝑗
𝑗=1                     (1) 
where 
Uj = is the thermal transmittance of the 1-D component j separating the two 
environments being considered 
Ij = is the length within the 2-D geometrical model over which the value Uj applies 
Nj = is the number of 1-D components 
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2. Point thermal bridge 
The χ value or the point thermal transmittance is a localized thermal bridge whose 
influence can be represented by a point thermal transmittance. (ISO 10211, 2017-06) 
 
Picture 5: Point thermal bridge [10] 
The x-value is estimated from the formula bellow: 
χ = L3D -∑ Ui ∗ Ai𝑁𝑖𝑖=1  -∑ 𝛹𝑗 ∗ 𝐼𝑗
𝑁𝑗
𝑗=1  
where 
L3D = is the thermal coupling coefficient obtained from a 3-D calculation pf the 3-D 
component separating the two environments being considered 
Ui = is the thermal transmittance of the 1-D component i separating the two 
environments being considered 
Ai = is the area over which the value Ui applies 
Ψj = are linear thermal transmittances calculated using (1) 
Ij = is the length over which the value Ψj applies 
Nj = is the number of 2-D components 
Ni = is the number of 1-D components 
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In the construction sector thermal bridges can be distinguished [11] into three different 
types: 
• Repeating thermal bridges 
Repeating thermal bridges appear in walls when their homogeneity structure is 
interrupted from stubs of different element. 
 
 
Picture 6: Repeating thermal bridge [12] 
• Thermal bridges at corners and junctions 
These thermal bridges are due to geometric complexity of the architectural designs and 
occur in windows and doors, wall to roof, wall to wall and wall to floor. 
 
 
Picture 7: Thermal bridge at corner [12] 
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• Insulated thermal bridges 
Those type of thermal bridges occur when an element penetrates in a wall and separates 
the continuity of the insulation, the most common case are balconies. 
 
M  
Picture 8: Insulated thermal bridge [12] 
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2. Literature review 
 
Thermal bridges during calculation design phase and in energy audits are of high 
importance for many studies in order to investigate their significance in total 
transmission heat losses. Mediterranean climate is generally characterized by mild 
climatic conditions making national standards to not take with seriousness thermal 
bridge effects, for that reason a terraced house together with a semi-detached house was 
examined in Italy by Evola, Margani and Marletta [5], looking into the magnitude of 
thermal bridge correction. They made three scenarios with different envelope 
configurations were one of them was used as benchmark with no correction of thermal 
bridges. They computed the heating and cooling demand for both building types and 
found out that, for the terraced house the minimization of the heating demand can be 
from 24% up to 25% and the cooling demand from 2,5% up to 3%. For the semi-
detached house the heating demand was minimized from 17% up to 18,5% and the 
cooling demand from 3,5% up to 4%. The results are clear regarding the significance 
of thermal bridge correction during the winter period, were in cooling demand can be 
defined as negligible. 
In northern Greece Theodosiou and Papadopoulos [3], examined a typical building type 
of  80s with double brick wall and insulation inside the cavity. Three construction 
scenarios were compared with different insulation thicknesses and placements. By not 
taking into consideration thermal bridges, can cause misleading results minimizing the 
true heating demand. Including thermal bridges showed that the heating demand can be 
increased from 16% up to 34% making clear the severity of excluding thermal bridge 
effects in energy performance calculations and the sensitivity of the double brick wall. 
Also, Kotti, Teli and James [13] interested to estimate the influence of thermal bridges 
in heating load in Greece (Thessaloniki) and to investigate the prospects of four retrofit 
solutions in the minimization of thermal bridges. The construction of the three-story 
building that was chosen for the study was the same as Theodosiou and Papadopoulos 
[3] because it represents a vast number of buildings in Mediterranean. 13% of the 
heating load is the maximum number that is attributed to thermal bridges, where the 
outcome of the retrofit solutions revealed that the total heating load can be reduced from 
4% to 10%. 
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Metal panel curtain wall constructions are vulnerable to thermal bridges, for this reason 
Oh et al [14], made a study investigating the mitigation potential that can be achieved 
in the annual heating and cooling energy needs by only taking corrective measures for 
thermal bridges. The building that was under investigation was an office building in 
Seoul. The calculation of thermal bridges was made according to ISO 10211. After that 
the results were inserted into a building simulation model in order to take into account 
thermal bridge effect into the annual energy needs. The correction of thermal bridges 
achieved a reduction of 26% in the heating needs, but that was not the same for the 
cooling needs where an increase of 7% made.  
 
 
Picture 9: Results of saving potentials for heating and cooling needs [14] 
 
Light steel frame construction was analyzed in Brazil by Gomes, De Souza and Tribess 
[15] to see the impact that thermal bridges have in this construction in the thermal load 
and annual consumption with the help of the EnergyPlus program. Two building types 
were simulated, the first one is a residential house and the second one an office building. 
The construction elements of the two cases are different, the first one consists of the 
light steel framing and the second one of mixed concrete and metallic elements. For the 
residential building the impact of thermal bridges in the thermal load was calculated to 
be 10% and for the second case the annual consumption was increased by 5% due to 
thermal bridges. 
Zalewski, Lassue, Rousse and Boukhalfa [16] chose το study a wall that consist of a 
metal frame, insulation material and air gap using laboratory measurements to validate 
the outcome of thermal bridge simulation. Before the measurements they employ first 
an infrared camera to identify optically where thermal bridges occur. After this step the 
measurements followed, and the values were used in the simulation outcomes to 
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validate the program. The influence of thermal bridges was calculated and found that 
comprise of 26% of the thermal losses. 
A study by Janssens [17] investigated the significance that thermal bridges have in the 
transmission heat losses, the difference of the various methods that exist to estimate the 
ψ-value and the influence that the position of insulation have. The outcome of this study 
was the development of limits for the linear thermal transmission heat loss. To come 
up to the limits they first analyzed the effects of thermal bridges with respect to 
insulation thicknesses and continuity and found that as the insulation is getting bigger 
and the U factor decreases the ψ-value becomes bigger up to one point were then the 
value it becomes constant and then it starts to decrease slightly. Also; the difference of 
the one-dimensional with the two-dimensional numerical calculation was estimated to 
be 25% revealing the necessity of using two-dimension element tools to estimate the 
ψ-value. 
 
Picture 10: Relation between the ψ-value and the u-value of the wall and the difference based 
on the one/two-dimensions (numerical- interrupted line/one-dimensional- continuous line) 
[17] 
 
The influence of thermal bridges in the transmission heat loss was conducted in 5 
different building types. Three scenarios of different envelope quality and thermal 
bridge reduction techniques were compared. Depending on the three scenarios the 
contribution of joins to the transmission heat losses varies from 13% to 17% in no 
attention and 1% to 4% in significant attention. The limits that were developed depends 
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on the envelope quality and geometry, were the bigger values are for the joins in the 
window, balconies and wall to roof.  
Concerning the subject of deep renovation projects of old buildings and how susceptible 
are in thermal bridges, Ilomets, Kuusk, Paap, Arumagi and Kalamees [18] conducted a 
study where four different construction types mainly from Easter Europe where 
examined. Each of those types revealed different repercussions in different spots 
because of the various properties that the materials have. The most significant part of 
this study is that despite the variety of results all building types presented a weakness 
in thermal bridges. More especially concrete constructions revealed that as insulation 
layers was getting bigger, all buildings tended to increase the effects of thermal bridges. 
The blue line of picture 3 represents the concrete buildings with different insulation 
layers. The percentage of thermal bridges in those types vary from 24% up to 34%. 
 
 
Picture 11: Percentage of thermal bridges with additional insulation thickness [18] 
 
A sensitivity analyses made by Van Craenendonck, Lauriks and Vuye [19] in Belgium 
to investigate the impact that thermal bridges have in refurbished buildings and to see 
which join has the most influence. Three building types was included in the study 
(detached, semi-detached, terraced), the number of samples was 12 with different 
construction years. To compare the results with the original state of the buildings, the 
K-level (represents the compactness of the envelope) and the net energy demand was 
calculated. By only presenting measures to diminish thermal bridges the average K-
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level can be reduced 4 points and the net energy demand by 6 kWh/(m2*yr). The 
thermal bridge join with the most influence was presented mainly by the windows. 
In Poland [20] a typical study in a two-story single-family house was looking into the 
impact of thirteen thermal bridges into the energy performance. The detailed calculation 
of thermal bridges made clear that they are responsible of 5,9% of the transmission 
losses of the house. 
Four residential buildings constructed from 1970 to 2005 in Czech Republic [20] 
examined to see how with the passing of time national technical standards affect 
thermal bridges. The buildings have the same construction of brick with wooden 
window frames.The result is that thermal bridges are tending to increase as the 
standards becoming stricter from 7% up to 28%. 
 
Picture 12: Portion of thermal bridges through different technical standards [20] 
 
Scandinavian standards obviously because of the weather conditions are using large 
thicknesses of insulations, at the framework regarding the influence of thermal bridges 
in total transmission heat losses, Berggren and Wall [21] conducted a study in a small 
multifamily house with three different construction elements (concrete, sandwich 
concrete and wooden frame walls). They found that thermal bridges in concrete walls 
is from 2% to 17%, in wooden frame wall from 7% to 27% and the sandwich concrete 
wall from 14% to 39%. Furthermore, they examined extensively which type of the 
thermal bridges have the biggest share in percentages. They have. found and conclude 
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that floor slabs to walls and walls to windows/doors not only hold the most losses but 
also increase very easily to additional insulation. 
A study by Rose, Kragh and Svendsen [22] in Denmark was investigating a new 
building regulation that was introduced in order to achieve the low energy house. They 
applied a retrofit solution in a typical Danish construction to see if the new standard is 
feasible and how this solution will affect thermal bridges. The overall target was 
achieved, and further thermal bridges were minimized in the foundations (from 
0,103/0.210 to 0,063/0,093) but not in the window wall joints (from 0,044/0,026 to 
0,059/0,059). 
In France [20] several correction techniques studied, in a new single-family house. 
From these techniques came up that the maximum savings can reach up to 18 kWh/m2 
in the primary energy. 
In Latvia Pelss, Kamenders and Blumberga [4] they investigate the percentage of 
transmission heat loss that belongs to thermal bridges in a low energy house and what 
are the consequences of using simplified methods to calculate the heat transfer 
coefficient. Although low energy houses have very good U-values and the construction 
standards are strict they found that 7,7% of the total transmittance heat losses is 
attributed to thermal bridges. 
 
Picture 13: Distribution of transmission heat losses [4] 
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The comparison of the simplified methods with the newest standard ISO 10211 that 
requires the use of finite element software in order to approach thermal bridges showed 
that the difference in the ψ value can reach up to 50% making clear the gap that simple 
methods can create.  
Similarly, a Dutch study [20] compared the default values that national regulation used 
in 2005 to calculate thermal bridges with detailed calculation procedures in 5 new 
residential building. A decrease in the energy performance due to detailed calculation 
was achieved, the percentage of the decrease varies from 3,75% to 11,25%. 
A study in a high energy performance house (34 kWh/m2) which took place in Germany 
[20] show off the key role that thermal bridges can play in strict regulations in order to 
reach the required limits. The primary energy for heating can be reduced up to 5 
kWh/m2, that means of 15% is the portion of thermal bridges in the high energy 
performance house. Also, this study discovered that thermal bridges influence is the 
same as solar collectors’ gains. 
Ramalho de Freitas and Grala da Cunha [23] performed an analysis to compare three 
different methodologies of thermal bridge calculation in Brazil. The building that was 
under investigation was a typical residential building with reinforced concrete structure. 
The simulation of the building was performed in Energy Plus via Sketch Up in all 
methodologies. The methodologies that were used are, the real construction (were 
thermal bridges were calculated via a command from Sketch Up), the equivalent wall 
method and the last one that is the same with the second, but thermal bridges were 
calculated under the ISO 10211. The envelope was simulated for light and heavy 
insulation configurations for all methods.  
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Except the third method, all the other underestimates the true impact of thermal bridges, 
of course the second method was the most insufficient because it doesn’t take into 
account thermal bridges. 
 
Picture 14: Total energy consumption for the three methods [23] 
 
The outcome of the study revealed that the most sufficient method to calculate thermal 
bridges was the third were the ISO 10211 was implemented. 
Martin et al. [24], explained that steady conditions regardless simplified and detailed 
procedures cannot calculate correctly the effects of thermal bridges because do not take 
into consideration the thermal inertia of thermal bridges. For that reason, a high and 
low inertia thermal bridge investigated under 7 different models to see if any of them 
can be considered as the most accurate. The study concluded that there is no model that 
can estimate all thermal bridges with high significance. The only way is to calculate the 
dynamic behavior of the building elements taking into account the benefits of the 2D 
or 3D simulations and insert those values to building simulations programs. 
Kosny and Kossecka [25] expressed their concerns regarding simulations programs that 
are used to estimate the needs of a building for the cooling and heating period don’t 
calculate accurately the R-values of the walls and considerable don’t include thermal 
bridge effects, because of the lack to depict the dynamic properties of the envelope 
elements. They used a thermally equivalent wall in order to represent the dynamic 
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features of a wall in order to insert it into those simulation programs. First to emphasize 
the difference of the simplified one dimensions with the finite simulation they simulate 
different wall configurations and compare the R-values. They found that for low 
thermal mass wall the difference is insignificant but for elements with good thermal 
storage properties the difference is high ranging from 27% to 44%. After that they used 
the equivalent wall to represent the dynamic behavior of the elements into the 
simulation program and compute the energy load of a ranch house in different locations. 
The results revealed that simplified one-dimension model underestimates the cooling 
and the heating load making clear the absence of thermal bridges into the model. 
Supporting the significance of thermal bridges and the need to move in transient 
simulation tools in order to make the energy performance of buildings making clear the 
lack of 3D dynamic building simulation programs because they calculate thermal 
bridges in 1D steady state. Gao, Roux, Zhaoand, Jiang [26] created a low order thermal 
bridge additional loss model to match the transient calculation of thermal bridges with 
the 1D. After the validation of the model, they inserted it into a building thermal 
simulation program (TRNSYS) and compute the heat loss of a rectangular building 
with no windows taking only into consideration the structural thermal bridges. 
 
Picture 15: Building heat loss with and without thermal bridges [26] 
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The portion of thermal bridges is from 9% to 19% of the total heat losses showing the 
importance of including dynamic thermal bridges into the energy performance of 
buildings. 
An identical study to the previous by Tadeu, Simoes, Simoes and Prata [27] was 
conducted to point out the need to take into account thermal bridges in dynamic 
conditions. The external boundary temperature was varied over time taking also thermal 
inertia of the materials into consideration. A thermal bridge in a concrete wall was 
simulated in both conditions, steady and dynamic with different insulation 
configurations. The findings of the study highlight that steady conditions minimize the 
true impact of linear thermal transmittance and lead to a wrong validation of surface 
temperatures in the materials.  
Kosny and Kossecka [25] expressed their concerns regarding simulations programs that 
are used to estimate the needs of a building for the cooling and heating period don’t 
calculate accurately the R-values of the walls and considerable don’t include thermal 
bridge effects, because of the lack to depict the dynamic properties of the envelope 
elements. They used a thermally equivalent wall in order to represent the dynamic 
features of a wall in order to insert it into those simulation programs. First to emphasize 
the difference of the simplified one dimensions with the finite simulation they simulate 
different wall configurations and compare the R-values. They found that for low 
thermal mass wall the difference is insignificant but for elements with good thermal 
storage properties the difference is high ranging from 27% to 44%. After that they used 
the equivalent wall to represent the dynamic behavior of the elements into the 
simulation program and compute the energy load of a ranch house in different locations. 
The results revealed that simplified one-dimension model underestimates the cooling 
and the heating load making clear the absence of thermal bridges into the model. 
Also, Mao and Johannesson [28] simulated thermal bridges with the help of a PC 
program under dynamic conditions and compare several structure configurations for 
the reason that they wanted to see the impact in heat losses that thermal bridges have in 
dynamic conditions. The outcome of the study is in the same frame as [27] found, that 
dynamic simulations are increasing the percentage of the heat loss due to thermal 
bridges. 
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Thermal breaks were investigated in concrete balcony slabs on a high-rise block of flats 
in Canada by Ge, McClung and Zhang [29], to see how they are affecting the U-value 
of the balcony slaps and their contribution in the whole energy performance of the 
building by using a finite element program, seven different configurations were tasted. 
The study showed that the correction of the U-value can range from 72% up to 85% 
and the reduction of the heating consumption can be from 5% to 11%, depending on 
the slab configuration. 
 
Picture 16: Annual space heating consumption in various configurations [29] 
 
A similar to the Canadian study [29], was examining the difference of calculating 
thermal bridges with 2D dynamic model and simplified tabulated model, in the energy 
consumption of a small penthouse apartment during the heating period. First Deque, 
Ollivier and Roux [30] calculated thermal bridges using the software Sisley in dynamic 
conditions and insert the data into a dynamic building simulation program. The same 
procedure was conducted again but now thermal bridges were calculated with a 
simplified procedure. The simulations were made for three climatic configurations, to 
see also the impact of weather condition in the energy consumption.  
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Picture 17: Heating power: continuous line is the 2D model and dashed line is the simplified 
model [30] 
 
The simulation revealed that the difference of the two models varies from 5% to 7% 
depending on the weather configurations.  
Mortar joins are considered to act as thermal bridges influencing the R-value of the 
walls. Al-Sanea and Zeda [31] investigated the impact of mortar joints in the 
transmission load and thermal resistance of a building wall under dynamic conditions. 
A finite volume method was used to evaluate the effect of mortar joints, different mortar 
heights were simulated. For 1cm and 2cm mortar height the daily and yearly 
transmission load was calculated for both cooling and heating.  
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Compared with a wall with no thermal bridge effect, the increase in the load was found 
to be 63% and 104% for those mortar heights mentioned before. 
 
Picture 18: Yearly cooling and heating transmission loads with different mortar 
configurations [31] 
 
Also, it is interesting the difference of the dynamic and the nominal R-values showing 
the lack that the 1-D steady state conditions have. For zero mortar height the difference 
of the R-values is 3% and it is increasing as the mortar heights becoming bigger 
reaching up to 13% for 2cm mortar height. This study revealed the severity of mortar 
joints in the energy performance of building walls and the difference between the 
dynamic and steady conditions that can be created in the R-values of the elements. 
Three methods of estimating thermal bridges were compared by Ge and Baba [32]. To 
found out the difference between those methods (dynamic 3-D modeling method, 
equivalent wall method and equivalent U-value method) they calculated the annual 
heating and cooling load for a two-story residential building with high thermal mass. 
The simulations were carried out for two climatic data, for hot and cold climate. 
Configurations in the insulation thicknesses were made to see how thermal bridges 
behave from less to high levels of insulation. The outcome of the study showed that for 
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the cold climate as the insulation increases the effect of thermal bridges is increasing, 
the dynamic 3-D method revealed to be more efficient compared to the other methods 
that they underestimate the impact of thermal bridges from 9% to 13%. For the hot 
climate the situation is the same but now the deviation of the equivalent wall method 
compare to the dynamic 3-D method is smaller from the equivalent U-value method. 
Generally thermal bridges revealed to increase the heating load from 18% to 30% and 
the cooling load by 20%. In the same framework again Ge and Baba [33] made a similar 
study comparing the effectiveness of the three methods [32], but now the building that 
was under investigation was a block of flats. The simulations were made for four 
different cities in Canada where the climate is mainly cold with small deviations from 
each city, the construction of the building was simulated for insufficient and sufficient 
building envelope. The inclusion of thermal bridges can increase the annual heating 
demand from 38% to 43% depending the climatic data of the city and the insulation 
density. In the cooling demand the inclusion of thermal bridges behaved vice versa 
reducing the load. The improvement envelope technics to reduce the portion of thermal 
bridges achieved a decrease from 3% to 4% and from 4% to 9% for the heating and 
cooling demand respectively. From the three methods that were tasted the dynamic 3-
D method was the most significant, same as their previous study. 
Viot et al. [34] tested the validity of the standard ISO 10211 in wooden frame 
constructions by simulating different configuration for both steady-state and dynamic 
condition. Also, for the steady conditions catalogs where included to see if their values 
can be used into wooden frame walls. In steady conditions the main problems that 
emerged were related with the number of wood stubs that included into the simulation 
and the number of rounding choice because simulation software’s can give the choice 
of entering values with three decimal places where in contract catalogs give values of 
only two decimals resulting into big errors.  
 
 
Picture 19: Influence of rounding choice [34] 
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In dynamic conditions 5 methods where tested to see which responds more accurately 
to wooden frames. None of the methods could be characterized as a good model because 
all of them had specific problems for the construction that was under investigation. 
From this analysis the only think that can be highlighted is that for massive elements, 
thermal mass of the elements can be estimated by the homogeneous wall. 
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3. Methodology 
 
In this chapter it will be described all the computation part of the study. More 
specifically, it will contain a finite element method analysis (FEM), of six different 
types of thermal bridges, performed using COMSOL Multiphysics software package in 
both steady state and transient condition. After that, the envelope heat flow of a 
detached house will be estimated and a comparison between the envelope without 
thermal bridges and the envelope with thermal bridges will be made. Also, the portion 
of thermal bridges in transmission losses under steady conditions will be estimated. 
 
3.1 Description of the building 
The building that is used to evaluate the heat flow of thermal bridges, is a detached 
house with two conditioned spaces.  
 
Picture 20: Floor plan / Zone 1(conditioned) – Zone 2(unconditioned) 
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Picture 21: Views from all orientations (from Sketch Up) 
 
It’s a compact house where the square meters of the zone 1 are 25,76 m2 and for the 
zone 2 are 6 m2. The windows cover an area of 2 m2 and the doors of 3,6 m2. In both 
zones the construction elements that were used in the building are the same. All 
properties of the materials (ρ, λ, cp) were found from the Energy Performance 
Regulation of Buildings (ΚΕΝΑΚ) [35] atlases. To estimate the thermal resistance of 
each material and consequently the thermal transmittance, the below equations were 
used: 
• 𝑅 =
d
𝜆
 
where: 
R: is the thermal resistance [(m2*K)/W] 
d: is the thickness of the material [m] 
λ: is the thermal conductivity of the material [W/(m*K)] 
• 𝑈 =
1
Ri+R1+R2+⋯..+Rn+Ra
 
where: 
U: is the thermal transmittance [W/(m2*K)] 
Ri: is the internal surface resistance [(m
2*K)/W] 
R1,R2,…,Rn: are the thermal resistances of each material [(m2*K)/W] 
Ra: is the external thermal surface resistance [(m
2*K)/W] 
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Beneath are the construction characteristics of each elements of the building: 
 
Picture 22: Layout of the roof slab 
 
Table 1: Properties of roof slab materials 
Roof slab 
d ρ cp λ R U 
m kg/m3 J/(kg*K) W/(m*K) m2*K/W W/(m2*K) 
Thermal Insulation 0,05 30 1500 0,035 1,429 
0,59 
Concrete 0,25 2400 1000 0,580 0,100 
Plaster 0,02 1800 1100 0,870 0,023 
Ri (0,100) + Ra (0,040)    0,140  
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Picture 23: Layout of the floor slab 
 
Table 2: Properties of the floor slab materials 
Floor slab 
d ρ cp λ R U 
m kg/m3 J/(kg*K) W/(m*K) m2*K/W W/(m2*K) 
Ceramic tiles 0,01 2000 840 1,840 0,005 
3,45 
Mortar 0,02 2000 1100 1,400 0,014 
Concrete 0,25 2400 1000 2,500 0,100 
Ri (0,17) + Ra (0)     0,17 
 
The masonry of the north, south and west walls consist of 25 cm brick where the east 
wall is from concrete with the same thickness.  
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Picture 24: Layout of the east wall (zone 1) and west wall (zone 2) 
 
Table 3: Properties of the east wall materials 
East masonry wall 
d ρ cp λ R U 
m kg/m3 J/(kg*K) W/(m*K) m2*K/W W/(m2*K) 
Plaster 0,02 1800 1100 0,870 0,023 
0,57 
Thermal Insulation 0,05 30 1500 0,035 1,429 
Concrete 0,25 2400 1000 2,500 0,100 
Plaster 0,02 1800 1100 0,870 0,023 
Ri (0,13) + Ra (0,04)     0,170 
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Picture 25: Layout of the masonry walls 
 
Table 4: Properties of the masonry walls materials 
Masinry walls 
d ρ cp λ R U 
m kg/m3 J/(kg*K) W/(m*K) m2*K/W W/(m2*K) 
Plaster 0,02 1800 1100 0,870 0,023 
0,48 
Thermal Insulation 0,05 30 1500 0,035 1,429 
Brick 0,25 1700 1000 0,580 0,431 
Plaster 0,02 1800 1100 0,870 0,023 
Ri (0,13) + Ra (0,04)     0,170 
 
The windows are double glazed from PVC and have a gap of 1,4 cm offering a U value 
of 2 W/(m2*K) and they are located in the south and east walls of zone 1. Regarding 
the doors they consist from 5 cm wood with a U value of 2,8 W/(m2*K), one for each 
zone. 
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3.2 Types of thermal bridges  
 
To identify the types of thermal bridges and where are in the building, the Energy 
Performance Regulation of Buildings (ΚΕΝΑΚ) [35] atlas was used. The total number 
of thermal bridges that the building have is 12 and they consist of 6 different types. 
Below are the types and their values by category: 
 
• External angle thermal bridges 
 
 
Picture 26: ΞΓ- 1 (left) and ΞΓ- 3 (right) thermal bridges [35] 
 
 
Picture 27: ΞΓ- 27 thermal bridge [35] 
 
 
• Internal angle thermal tridge 
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Picture 28: ΣΓ- 1 thermal bridge [35] 
 
• Ceiling and roof overhang thermal bridges 
 
Picture 29: ΔΣ- 1 (left) and ΔΣ – 4 (right) thermal bridges [35] 
 
Table 5: Material memorandum 
Concrete 
 
Brick 
 
Insulation 
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Picture 30: Location of thermal bridges 
 
After the identification the next step was to simulate these types through Comsol 
program in both steady state and dynamic conditions. The simulations of thermal 
bridges were done under the ISO 10211 [9] and KENAK [35].  
About the dimensions used in the simulations, concrete and brick width was set at 25 
cm with 5 cm of insulation. Regarding the length, ISO 10211 states that it must be at 
least 1 m from the connection point of the elements.  
The materials that were used are concrete, brick and XPS. Below is a table with their 
properties. 
 
Table 6: Materials used and their properties 
Materials 
ρ λ cp 
kg/m3 W/(m*K) J/(kg*K) 
Concrete 2400 2,500 1000 
Brick 1700 0,580 1000 
XPS 30 0,035 1500 
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3.3 Steady state conditions 
 
3.3.1 Estimation of thermal bridges 
 
For all thermal bridge types, the heat transfer coefficient for the boundary conditions 
are the same: 
• h = 7,70 W/(m2*K) (internal) 
• h = 25 W/(m2*K) (external) 
In thermal bridges ΔΣ-1 and ΔΣ-4 the values that have been aforementioned are the 
same, except the value of the heat transfer coefficient for the internal horizontal element 
where it is, h = 10 W/(m2*K). Also, for the internal and external condition the 
temperature is set at 20 and 0 degrees Celsius respectively. 
Regarding the mesh each connection point represents an equation, the denser it is the 
more accurate the simulations are. For our case the density of the mesh was chosen to 
be extra fine. Below are pictures for each thermal bridge mesh. 
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Picture 31: ΞΓ-1 (up) and ΞΓ-3 (down) mesh 
For ΞΓ-1 and ΞΓ-3 the mesh is the same. The only spots where it becomes denser are 
in the horizontal element near the join and at each corner. 
 
Picture 32: ΣΓ-1 mesh 
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Picture 33: ΔΣ-1 (up) and ΔΣ-4 (down) 
The mesh of ΣΓ-1 is uniform but again in the corners it is slightly denser. Same as the 
previous ΔΣ-1 and ΔΣ-4 are denser at the corners and in the join of the elements. The 
main difference of the last two thermal bridges with the others is that in the uninsulated 
elements the mesh is more dense and specifically in ΔΣ-1 the mesh in the external layer 
is denser compared with the others.  
To calculate the linear thermal transmittance (ψ value) for all thermal bridges, first I 
asked from Comsol to estimate the inward heat flux (L2D) of the external surface. The 
choice of the external surface was random because in steady conditions the heat flux is 
the same regardless if it is from the internal or the external surface. The next step was 
to calculate manually to an excel sheet the total transmission heat loss of the external 
surface by multiplying the length with the U value (m*U) of the element for each 
thermal bridge.  
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The final step was to subtract the total transmission heat loss with the inward heat flux, 
that the program estimated: 
L2D – Qtotal = ψ 
 
3.3.2 Transmission losses of thermal bridges 
 
After the calculation of the linear thermal transmittance (ψ) for each thermal bridge, the 
next step was to calculate their impact into the transmission losses of the envelope. First 
by multiplying the U values that were mentioned before with the square meters of each 
wall, floor, roof, window and door the transmission losses of each element were 
calculated.  
Then to estimate the portion of thermal bridges, the linear thermal transmittance (ψ) of 
each thermal bridge was multiplied with their length. 
ψ * l 
where: 
ψ: is the linear thermal transmittance [W/(m*K)] 
l: is the length of each linear thermal bridge [m] 
After that the results were added together and divided from the total transmission losses. 
U ∗ A
∑ 𝜓 ∗ 𝑙
 
where: 
U: is the thermal transmittance of each element [W/m2K] 
A: is the area of each element [m2] 
ψ: is the linear thermal transmittance [W/(m*K)] 
l: is the length of each linear thermal bridge [m] 
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3.4 Dynamic conditions 
 
3.4.1 Estimation of thermal bridges 
 
In dynamic conditions a large part of it is the same with the steady conditions. The main 
difference is the external and internal conditions. The simulations were made for one-
year, hourly weather data for the ambient and for internal conditions were taken from 
EnergyPlus. Another difference is the choice of the surface in which the inward heat 
flux was estimated. In dynamic simulations the internal surface was chosen. 
The minimum and maximum internal surface temperature was also estimated through 
Comsol, to investigate the risk of mold growth. 
 
3.4.2 Estimation of envelopes total heat flux 
 
Next in order to calculate the total heat flow of the envelope, each element (walls, floor, 
roof) was simulated through Comsol. Because the simulations are in one dimension and 
the heat flux is smooth, the length of the elements doesn’t have to be 1 meter as in the 
calculation of the thermal bridges saving simulation time.  
Regarding the doors and the windows, because they don’t have thermal mass their heat 
flow where calculated according to the following equation: 
 
𝑄 = 𝑈 ∗ 𝐴 ∗ 𝛥𝛵 ∗ ℎ 
where: 
 U: is the thermal transmittance of each element [W/m2K] 
A: is the area of each element [m2] 
ΔΤ: is the temperature difference between the indoor and the outdoor conditions [⸰C] 
h: is time 
Also, the slab of the floor was considered adiabatic because the flow of the ground is 
very complicated in order to be calculated. 
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After the simulations, the results were multiplied with the square meters of each 
element. With that process the total envelope heat flow of the building was calculated.  
The final step was to add the results of the heat flow of the thermal bridges with the 
heat flow of the envelope and make the comparison between two scenarios. The first is 
the total heat flow of the envelope including the thermal bridges and the second one is 
the total heat flow without the inclusion of the thermal bridges.   
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4. Results & Analysis 
In this chapter will be presented the results of the finite element method analysis for the 
steady and dynamic conditions of thermal bridges. Also, the heat flow of the envelope 
will be estimated and is gone be used as benchmark to evaluate the impact of the thermal 
bridges.  
 
4.1 Thermal Bridges 
 
4.1.1 Steady conditions 
 
After the successful simulation of all thermal bridge types, each linear thermal 
transmittance was compared with the fixed values that KENAK atlases provide. 
 
Table 7: Comparison of ψ value between the estimated and atlas values 
Thermal bridges  
Estimated values  
W/(m*K) 
KENAK atlas  
W/(m*K) 
ΞΓ-1 -0,13 -0,15 
ΞΓ-3 -0,11 -0,10 
ΞΓ-27 0,42 0,55 
ΣΓ-1 0,04 0,05 
ΔΣ-1 0,20 0,25 
ΔΣ-4 0,87 0,90 
 
Estimated values have a deviation of 0,1 to 0,5 W/(m*K) from the values that the atlas 
has, except the ΞΓ-27 thermal bridge where the difference is larger, about 0,13 
W/(m*K). These gaps were supposed to occur because from the literature there were 
several reports regard the failure that can be created by using fixed values. 
 
To take a better look of thermal bridges temperature distribution and to observe the 
weakness spots of them, pictures from Comsol program are presented below. 
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Picture 34: ΞΓ-1 thermal bridge 
 
 
Picture 35: ΞΓ-3 thermal bridge 
45 
 
 
Picture 36: ΞΓ-27 thermal bridge 
 
 
Picture 37: ΣΓ-1 thermal bridge 
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Picture 38: ΔΣ-1 thermal bridge 
 
 
Picture 39: ΔΣ-4 thermal bridge 
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From the thermal picture of ΞΓ-1, of course the lowest temperatures were expected to 
be in the thermal insulation layer but because brick has a low thermal capacity it can be 
observed that in the junction the temperature varies from 10 to 18 degrees Celsius. 
In ΞΓ-3 thermal bridge because the element that it is in the junction is concrete, the 
difference of the external and internal surface dropped 4 degrees from 14 to 18 degrees 
Celsius, compared to ΞΓ-1 thermal bridge. 
Because insulation is not uniform in ΞΓ-27 thermal bridge that’s why the temperature 
in the point where the two elements are in contact varies from 6 to 15 degrees Celsius. 
Thermal bridge ΣΓ-1 is the same as ΞΓ-1, the only difference is that the ΣΓ-1 is an 
internal angle. Someone could expect those two thermal bridges to have the same 
temperature distribution where in fact they don’t have. In the junction of the ΞΓ-1 the 
temperature difference of the internal and external surfaces was 8 degrees where ΣΓ-1 
it has only 2 degrees difference. In ΔΣ-1 because the continuity of the insulation is 
interrupted in the horizontal element by the vertical wall and due to the fact that the 
brick has low thermal capacity, in junction the temperature distribution from the outer 
to the inner surface take values from 10 to 16 degrees Celsius. 
A thermal bridge with very low internal surface temperature in the junction of the 
elements is the ΔΣ-4 thermal bridge where the horizontal elements that extends outside 
the building is the eave. Because it is unprotected the horizontal element at the corner 
reaches temperatures from 2 to 14 degrees Celsius. 
Generally, the points where insulation is interrupted or is not uniform are the most 
vulnerable, that’s why the lowest inner temperatures observed in ΞΓ-27 and ΔΣ-4.  
 
Table 8: Temperatures of the internal surface for each thermal bridge in degrees Celsius 
Thermal bridges Lowest (⸰C) Maximum (⸰C) 
ΞΓ-1 17,1  18,7 
ΞΓ-3 16,8 18,7 
ΞΓ-27 13,1 18,7 
ΣΓ-1 18,7 19,8 
ΔΣ-1 16,4 18,7 
ΔΣ-4 13,9 18,6 
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The above values were expected because the linear thermal transmittance values in 
table 1 gives a first impression of the losses that the thermal bridges might cause. 
 
Table 9: Comparison between the ψ values and the average temperatures 
Thermal bridges 
Linear thermal transmittance 
W/(m*K) 
Average temperature 
(⸰C) 
ΞΓ-1 -0,13 18,5 
ΞΓ-3 -0,11 18,3 
ΞΓ-27 0,42 17,5 
ΣΓ-1 0,04 18,9 
ΔΣ-1 0,20 18 
ΔΣ-4 0,87 17,2 
 
By observing table 3, could someone conclude that as the ψ value is high like, ΞΓ-27 
and ΔΣ-4, the smallest will be the temperature in the inner surface of the element 
leading to higher losses. 
To see the total flow that the thermal bridges have in monthly bases, they were 
simulated again but now the indoor and outdoor conditions were taken from the 
EnergyPlus.  
Table 10: Flow of thermal bridges in monthly data 
Months January February March April May June July August September October November December 
Indoor 
temp. (⸰C) 
18,9 19,0 19,1 19,9 22,1 24 25,5 25,6 24,5 22 19,6 19,1 
Outdoor 
temp. (⸰C) 
5 7,4 7,4 11,9 20 23,7 25 24,7 21,3 15,5 11,2 9,8 
ΞΓ-1 
(Wh/month) 
-33125 -24968,8 
-
27881,5 
-
18449,83 
-5004,5 -691,9 -1191,5 -2144,9 -7380,0 -15490,1 -19372,3 -22163,2 
ΞΓ-3 
(Wh/month) 
-
114293 
-86150,9 
-
96206,3 
-
63661,25 
-
17267,64 
-
2387,2 
-4111,3 -7400,2 -25463,9 -53447,2 -66842,5 -76470,1 
ΞΓ-27 
(Wh/month) 
-
55444,4 
-41792,2 
-
46667,8 
-
30881,09 
-8376,5 
-
1158,0 
-1994,4 -3590,0 -12352,4 -25927,5 -32425,3 -37095,5 
ΣΓ-1 
(Wh/month) 
-
28031,5 
-21130,4 
-
23596,4 
-
15613,11 
-4235,1 -585,5 -1008,4 -1815,0 -6245,2 -13108,5 -16393,7 -18755,3 
ΔΣ-1 
(Wh/month) 
-
180320 
-135923 
-
151780 
-
100435,7 
-27242,4 
-
3766,3 
-6486,3 
-
11675,6 
-40173,5 -84320,4 -105457,5 -120644,6 
ΔΣ-4 
(Wh/month) 
-
354139 
-266941 
-
298086 
-
197248,5 
-53503,0 
-
7396,6 
-
12738,3 
-
22930,0 
-78897,3 
-
165603,2 
-207108,4 -236944,1 
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To conclude to the above table, the heat flow that was estimated from the program was 
then multiplied with the length and the hours of the months. From the above table we 
can that as the temperature difference is small, like July, small is and the heat flow and 
as the difference is getting higher the heat flow follows the same pattern, showing that 
in steady conditions the only think that is of high importance is the temperature 
difference. At that point the comparison between the thermal bridges cannot be made 
because they don’t have the same lengths.  
Table 11: Lengths of thermal bridges 
Thermal bridges ΞΓ-1 ΞΓ-3 ΞΓ-27 ΣΓ-1 ΔΣ-1 ΔΣ-4 
Lengths (m) 2,8 8,4 2,8 2,8 10,05 14,25 
 
 
Only thermal bridges ΞΓ-1, ΞΓ-27 and ΣΓ-1 have the same length. The results of those 
three thermal bridges justify what were mentioned before, regarding their 
characteristics. 
 
To evaluate the portion that thermal bridges have in the total thermal transmittance 
losses of the house the walls, floor, roof, doors and windows were multiplied with their 
square meters. The same was done for thermal bridges, with the only difference that the 
linear thermal transmittance was not multiplied with the square meters but with their 
length. 
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Picture 40: Portion of thermal bridges in the total thermal transmittance losses of the house 
 
The portion of thermal bridges is 6%, this is very logic because all the studies that were 
mentioned in the literature have found that the impact of thermal bridges in steady 
conditions under estimates the true impact and varies from 5 to 10 per cent at most in 
the total thermal transmittance losses and because the house is very small. 
  
51 
 
4.1.2 Dynamic conditions 
 
In dynamic conditions all measures in Comsol remain the same, except the outside and 
the inside condition where now are time dependent. The climatic data for the indoor 
and outdoor conditions were taken from the EnergyPlus. Each thermal bridge was 
simulated for one year with a one-hour time step and the result from the program were 
multiplied with the length of each thermal bridge. Then the results were separated for 
each month and added.  
Due to the fact that the simulations on Comsol were made into the inner surface of the 
elements, the positive numbers mean that heat is coming from the thermal bridge into 
the indoor space, so the house has losses. If the number is negative, that means that has 
gains. 
All results are in W/m2. 
To take a better view of the weather conditions that were used through the simulations, 
below are the mean exterior and interior weather conditions with the mean temperature 
difference of them.  
 
Table 12: Average weather data 
Months Average Outside Conditions (⸰C) Average Inside Conditions (⸰C) Average Temp. Diff. (⸰C) 
Jan. 5,22 19,08 -13,87 
Feb. 6,69 19,25 -12,56 
Mar. 9,82 20,16 -10,34 
Apr. 14,16 24,31 -10,15 
May 19,67 24,89 -5,22 
Jun. 24,18 25,58 -1,40 
Jul. 26,89 26,31 0,57 
Aug. 26,28 26,21 0,07 
Sept. 21,64 24,87 -3,23 
Oct. 16,33 23,61 -7,28 
Nov. 10,98 19,90 -8,92 
Dec. 7,25 18,32 -12,17 
 
The heating period was considered from October until April and the cooling period 
from May until September. 
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Table 13: Heat flow of the winter period 
HEATING PERIOD 
Months 
ΞΓ-1 
(Wh/m2) 
ΞΓ-3 
(Wh/m2) 
ΞΓ-27 
(Wh/m2) 
ΣΓ-1 
(Wh/m2) 
ΔΣ-1 
(Wh/m2) 
ΔΣ-4 
(Wh/m2) 
January 11170 118160 32916 -6454 183919 300650 
February 41362 42733 22397 9428 144386 329195 
March 32660 166826 39045 1897 137986 265821 
April 33872 155422 37000 4204 103273 484742 
October -4862 31874 39896 -2658 78185 91386 
November 2280 74560 32472 239 115052 185419 
December 44709 126827 28016 11767 177638 343854 
 
From the thermal bridges ΞΓ-27 and ΣΓ-1 because some part of the doors where fallen inside 
the square meters of the thermal bridges, the heat flow of the doors was subtracted from the 
heat flow of the thermal bridges. 
Also, due to the fact that the main winter months are from December to February, it is 
very logical to see the highest impact among those three months. On the contrary very 
high values can be observed during March and April in all thermal bridges, except ΣΓ-
1.  
Of course, the highest values belong to ΞΓ-3, ΔΣ-1 and ΔΣ-4 thermal bridges and it is 
very logical because they have the largest lengths and last two have surfaces that are 
not insulated making them the most vulnerable to the outside weather conditions. 
The only thermal bridges that presenting gains are the ΞΓ-1 and ΣΓ-1 on the months 
October and January. 
 
With regards to the cooling period it was anticipated that the thermal bridges will have 
smaller impact in comparison to the heating period since the literature states that the 
losses of the summer period are at a large extend smaller or even negligible. 
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Table 14: Heat flow of the summer period 
COOLING PERIOD 
Months 
ΞΓ-1 
(Wh/m2) 
ΞΓ-3 
(Wh/m2) 
ΞΓ-27 
(Wh/m2) 
ΣΓ-1 
(Wh/m2) 
ΔΣ-1 
(Wh/m2) 
ΔΣ-4 
(Wh/m2) 
May 8645 -26280 11120 -9989 146817 -55621 
June -3528 -71106 11681 -8230 -97500 120625 
July 9720 -58601 -4981 -34898 -90661 -32386 
August -7704 5811 -2014 1666 -63046 88935 
September 5288 58044 12422 -8590 297638 -95464 
 
Noticing the above table, it is obvious that the results are in compliance with the 
literature because despite the smaller amount of the losses, the thermal gains have 
increased. Now the gains are not limited only to two thermal bridges but can been seen 
to all of them. Also, for thermal bridges ΔΣ-1 and ΔΣ-4 because are the only two with 
uninsulated surfaces someone could expect to not have gains, but in contrast from the 
five months three of them have. 
Again, there are specific months in which some thermal bridges have extremely high 
values like ΔΣ-1 on September and May. 
 
4.2 Comparison between the total heat flow of the 
house, with and without thermal bridges 
 
After the calculation of thermal bridges, the next step was to estimate the heat flow of 
the rest house and compare two scenarios. The first one is the total heat flow of the 
house with the thermal bridges and the second one is the total heat flow of the house 
without the effect of thermal bridges. 
 
4.2.1 Heat flow with thermal bridges 
 
In the first scenario because the thermal bridges have one-meter width from both sides 
and due to the fact that the results were multiplied with their length, only few parts of 
the envelope had to be simulated in order to find the total heat flow. These parts were 
separated into rectangles and their widths were simulated through Comsol. Then the 
results were multiplied with the length of each rectangle. Finally, to compute the total 
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heat flow, the results of the thermal bridges were added with the results of the rest parts 
of the house and separated for each month. 
Table 15: Total heat flow with thermal bridges 
Months Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec 
Total heat 
flow (Wh/m2) 
668062 606356 757433 901844 136212 -54999 -232655 5130 391445 184749 403421 721815 
 
The table above is showing the total heat flow of the house considering the effect of 
thermal bridges. The highest values belong only to winter months while during the main 
summer months, from June to August, the house has mainly gains.  
According to the previous comments about the results of the thermal bridges, four 
months have showed extremely high values, and this has as consequence the total heat 
flow for the months March, April, May and September to be large which is quite strange 
considering the fact that March and April aren’t the coldest winter months. Same 
applies to May and September. 
Since March and September are transitional months, these high values may be due to 
the change of season. This can be seen from the weather condition diagrams of those 
two months. 
 
Picture 41: Indoor and outdoor conditions for May (top) and September (bottom) 
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For March and April, it might be due to the high fluctuations of the outdoor 
conditions as well as the internal. 
 
 
Picture 42: Indoor and outdoor conditions for March (top) and April (bottom) 
 
4.2.2 Heat flow without thermal bridges 
 
To calculate the total heat flow of the house without the effect of thermal bridges, the 
same process was done but now the horizontal and vertical elements were simulated 
separated through the Comsol. 
 
Table 16: Total heat flow without thermal bridges 
Months Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 
Total heat flow 
(Wh/m2) 
363005 407788 400400 416153 -74828 64230 -15477 -171121 -144577 30614 146271 167564 
 
From results of table 10, the main losses are from winter period. Regarding the five 
summer months only one presents losses and that is June.  Also, July and August have 
considerable high gains.  
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For March and April the results are slightly higher from the other winter months, that 
it might be from the high fluctuations of the weather as mentioned previously. 
 
4.2.3 Comparison of two scenarios 
 
To evaluate the impact of thermal bridges and the difference that can be made between 
the inclusion and exclusion of thermal bridges, the results of two scenarios that  
aforementioned was compared. 
 
Table 17: Comparison between the two scenarios 
Months Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 
With 
thermal 
bridges 
(Wh/m2) 
668062 606356 757433 901844 136212 -54999 -232655 5130 391445 184749 403421 721815 
Without 
thermal 
bridges 
(Wh/m2) 
363005 407788 400400 416153 -74828 64230 -15477 -171121 -144577 30614 146271 167564 
 
As regards the winter period, the differences are tremendous in all months leading to a 
conclusion that the exclusion of thermal bridges is minimizing considerable the total 
0heat flow of the house. For the summer period again the differences are high, but now 
from the five months only two have gains for the first scenario and for the second 
scenario four from five have gains.  
In the first scenario the results from the main three summer months can be considered 
as negligible because the losses are less than the gains. 
Moreover the big differences of the two scenarios can be justified, since the lengths of 
thermal bridges are extremely high compared to the envelope surface. That’s why the 
losses of thermal bridges are enormous.  
In a substantialy biger house the results would be the same concerning the two scenarios 
but their difference would be smaller because the ratio between the lengths of thermal 
bridges and the envelope surface would be smaller. 
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Below are the diagrams of the results for the first scenario, to take a better view of the 
highest and the lowest values but as well their distribution. 
 
 
Picture 43: Diagram of the total heat flow with thermal bridges 
 
From the above diagram the highest values belong to March and April, because their 
results reach the maximum positive numbers among the others. Also the same can be 
seen for October but from the negative side. The distribution of the other months can 
be seen mainly from the positive side with few negative values. 
 
 
Picture 44: Diagram of the total heat flow without thermal bridges 
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For the cooling period June, July and August are mainly balanced between the positive 
and negative values with very few fluctuation. May and September have a very different 
behaviour with high fluctuations and this can be justified from the season change. 
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5. Conclusions 
 
The study of thermal bridges in steady and dynamic conditions have shown the big 
difference that can be created between the two conditions, since the former cannot take 
into account the thermal inertia of the elements. Furthermore, the results from the 
inclusion or exclusion of thermal bridges under dynamic conditions showed the big gap 
that can be produced between the two scenarios leading to wrong dimensioning of 
HVAC systems, poor performance of the buildings and envelope damages. 
In addition, the study has shown that the shape and the high fluctuations of the weather 
conditions have different impact among different thermal bridges.  It is obvious that the 
most vulnerable and detrimental thermal bridges are those that have uninsulated areas, 
like the slab of the balcony.  
Moreover, the results have shown that the impact of thermal bridges is highly related 
with the ratio of their lengths and the surface of the building that is under investigation. 
So, the results are influenced from the dimensions and the shape of the building. For 
the current study the losses were very high because the house was very small and the 
lengths of the thermal bridges very high. 
Finally, the study highlights the necessity to implement the international standard ISO 
10211, to all new and deeply renovated buildings in order to make them more efficient 
with regards to energy performance and thermal comfort. 
This study could be further researched, and implemented in energy performance 
simulation programs like EnergyPlus, to demonstrate the effect of thermal bridges into 
energy consumption. More than that it could be done a study in order to demonstrate 
the likelihood to present the mold growth in the junctions of thermal bridges. 
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